In the six years prior to 1898 his main research interest was histology. He was sceptical of much that was seen, after fixing and staining, under the microscope. During this period he published eleven papers on histology and his studies focussed attention on the stability and behaviour of colloidal systems. Although he had little previous acquaintance with physical chemistry he clearly distinguished suspensoid from emulsoid systems and his studies of the role of ionization upon the coagulative power of electrolytes was to form a useful background to later studies of surface activity in friction and boundary lubrication. Immediately before the First World War, Hardy studied the effect of radium upon living tissues and the equilibrium of proteins in the blood. He had by this time become so involved in molecular physics that he resolved to refresh and extend his knowledge of mathematics. The zoologist had thus expanded his interests to encompass those aspects of physical chemistry and mathematics relevant to his major field of study. His ability to discuss quantitatively subjects which had previously been treated descriptively was demonstrated in the publication by the Royal Society of his papers on "A general theory of colloid solutions" and "The tension of composite fluid surfaces."
Hardy was elected a Fellow of the Royal Society in 1902 and from 1915 to 1925 he was the biological Secretary. At the beginning of the first World War The Board of Trade invited the Society, through Hardy, to set up a Physiology Sub-Committee to enquire into the food supply of the United Kingdom. The outcome of this request was the formation of the Food (War) Committee, which advised government from 1916 to 1919. Following the formation of the Department of Scientific and Industrial Research, Hardy was appointed the first Chairman of the Food Investigation Board (1917 Board ( -1928 and Director of Food Investigation (1917 -1934 In his leisure pursuits Hardy displayed zest. and entbusiasm. He loved nature, good literature and great.ly valued dose friendships. He was an adventurer with a great. love of the sea, having been described hy Professor A. V. Hill as one of the finest. yachtsmen of his time and a sailor who combined perfect seamanship wit.h a capacity for instant decision in an emergency. He married Alice Mary Finch, the daughter of a barrist.er, in lR98 and upon his death in Cambridge on ,Ianuary 2:~rd lH:l4 he was survived hy his wife, son, and two daughters.
Friction and Boundary Lubrication
Hardy's contributions t.o tribo)ogy were undertaken after the First World War when he studied the static friction of dry and lubricated surfaces. This work was a natural extension of his Studies of colloids and surface tension. By the time his studies of the latter subject were published (1912) There seems to be little doubt that Hardy's friction experiments would have been started earlier if it had not been for the intervention of tbe first World War. His two papers on Static Friction were published in t.he Philosophical Maliazine in 1919 and 1920. In the latter paper be drew attention to the relationship between tbe molecular strudure of substances and their effectiveness as lubricants. The work was summarized in an evening address presented to the Hoyallnstitution in February, 1920. The concept of f1uid-film lubrication dominated by the pbysical (viscous) properties of matter had been estahlished some tbirty four years earlier by Osborne Reynolds, and Hardy's d'emonstration of a boundary state governed by chemical properties of luhricants exposed a completely new field of study. The mechanism was later studied extensively and termed "boundary lubrication" hy Hardy. He was aware of the work of I,angmuir and of Harkins reported in t.he ,JOt/mal of the American Chemical Society in 1917 which emphasised the orientated and mono-molecular nature of surfaee films, but his own experiments led him to the view that orientation effeds extended well beyond the range of a single molecular layer. The debate on mono-and multi-molecular layers in houndary lubrication continues to the present day. It was Hardy's joint paper (Hl22) with Miss Ida Douhleday which firmly established t.he basic coneept.s in boundary lubrication. An impressive feature of Hardy's studies of friction and boundary lubrication was tbe simplieity of t.he apparatus. For example, for his work on glass he used watehglasses loaded by different weights of lead.
Summary
It is fitting to dose this biographical sketch of the man who opened up such an important aspect of tribology with an extract from the 1926
Transactions of the ASME 
Biography
Many of the notable early contributors to the science of tribology ventured briefly into the field, made a single and now classical contribution, and then moved on. They were generally philosophers, scientists or engineers of great distinction, unencumbered by present-day pressures of specialization. Such a man was the great theoretical physicist Arnold Sommerfeld, whose name is normally associated with atomic physics and the quantum theory.
Arnold Sommerfeld was born in Konigsberg, Prussia, the son of a general practitioner, Dr. Franz Sommerfeld and Cacilie (Mathias) Sommerfeld, on December 5th, 1858. He attended the Altstadtisches Gymnasium (High School) in Konigsberg where he developed an interest in all the subjects which he studied. If anything he was more interested in literature and history than in science. He received his baccalaureate in 1886, the year in which Osborne Reynolds published his classical theory of lubrication in England, and after some wavering registered in mathematics in the distinguished University of Konigsberg. He was taught by Lindemann, Hurwitz and Hilbert at a time when there was much excitement about electrodynamics following the experiments of Hertz. He was awarded his doctorate in 1891 for work on "The arbitrary functions in mathematical physics." In an autobiographical sketch prepared for the records of the Vienna Academy, Sommerfeld wrote of his thesis. . . .
...."/ had it roughed out and written down in a few weeks."
In the same year he had contributed to, but later withdrew from, a prize competition concerned with the evaluation of earth temperature observations at a location in the Botanical Gardens. itary service before moving to the University of Gottingen as an Assistant at the Mineralogical Institute in October 1893. In the following year he became an Assistant to Felix Klein in the Mathematical Institute. Klein had a great influence upon Sommerfeld, and it was during this period that Sommerfeld completed his famous work on the theory of diffraction.
Arnold Sommerfeld was appointed Professor of Mathematics at the Mining Academy in Clausthal in the Harz Mountains in 1897 at the age of twenty-eight. In the Bergakademie his lecturing was concerned mainly with elementary mathematics, but he still managed to extend his important work on diffraction to Rontgen rays; the work being published in 1900. From 1900 to 1906 he held the chair of Technical Mechanics in the Technological Academy (Technische Hochschule) in Aachen and it was here that he completed his solution of the Reynolds equation for journal bearings. He was exposed to technical problems of the day at both Clausthal and Aachen and he took some satisfaction from the contributions which a "pure mathematician" was able to make to engineering science. During his few years at Aachen he completed papers on vibrations and electric generators, but his most fruitful endeavours were concerned with the Braking Effect of Railroad Cars and Hydrodynamic Lubrication. Sommerfeld considered the latter work to be his most important contribution to the technical field.
Sommerfeld's direct involvement with matters technical was not to last for long. Rontgen, the discoverer of X-rays, initiated a process which culminated in Sommerfeld's move to the chair of theoretical physics at Munich University in the autumn of 1906. He succeeded Ludwig Boltzmann who had worked so fruitfully on the kinetic theory of gases and radiation from dark bodies. He confirmed his great reputation as a teacher and established an outstanding international name for Sommerfeld died on April 26th 1951 as a result of injuries received in a traffic accident. His mental agility was retained to the end and he had been editing the last volume of his lectures prior to the accident. It is most fortunate that this great scientist found time during his creative life to make a single but most penetrating study of fluid-film lubrication in journal bearings.
Journal Bearing Lubrication Theory
The analytical study of journal bearing lubrication carried out by 396 / VOL. 101, OCTo.SER 1979
Sommerfeld during his six years stay in Aachen and published in 1904 was the scientist's major contribution to tribology. He provided an analytical solution to the problem of fluid-film lubricated journal bearings of infinite width which still forms the basis of mathematical procedures in lubrication. The full impact of his work will not he discussed here, but perhaps he is best known for his trigonometric substitution which enabled him to solve the Reynolds equation for journal bearings. The curious thing is that he appears not to have llsed the relationship which is affectionately known as the Sommerfeld substitution. but to have employed reduction relationships and a well known integral formula. Boswall (1928) provided a general form of the procedure which he attributed to Sommerfeld. Whether or not Sommerfeld used the mathematical substitution which now carries his name in the lubrication literature is perhaps of minor importance scientifically, even though the history of events holds a great fascination. The important thing is that Sommerfeld succeeded in presenting a neat analytical solution to a prohlem which had remained only partially solved since Osborne Reynolds introduced it in 1886.
Sommerfeld wrote one more paper on lubrication (1921 >, hut this was more of a review of the concept Qf fluid-film lubrication and a restatement of earlier work.
Summary
Arnold Sommerfeld enjoyed the warmth of friendship with his students. He frequently joined them on skiing expeditions and he also enjoyed mountain climbing and Classical music. His marriage to Johanna Hopfner daughter of the Curator of Giittingen University in December 1897 led to a happy family life. They had three sons and a daughter of whom all but one son survived him. He lived in and contributed to an exciting period in the history of mathematical
